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Disasters may have significant impacts on diet behaviors due to a lack of food resources, 
however, research on this field was rather limited. This study aims to explore the potential 
impact of disasters on individuals’ fruit and vegetable consumption. Findings of this study may 
be helpful for disaster preparation, nutrition assistance, and disaster management policy. 
Individual-level data (N= 351,229) from Behavioral Risk Factor Surveillance System (BRFSS) 
2011 survey were merged with county-level disaster declaration data from Federal Emergency 
Management Agency (FEMA) based on disaster duration, interview month and residential 
county. Multilevel mixed-effects generalized linear models were conducted to examine the 
impact of different types of disasters on self-reported daily fruit, 100% pure fruit juice, beans, 
green vegetables, orange vegetables, other vegetables and overall vegetables consumption 
frequencies, adjusting for individual covariates. Statistical significance was considered if p value 
is less than 0.01. Flood was consistently found to alter the consumption frequency of vegetable 
subgroups among affected people. No strong associations between disasters and daily fruit and 
overall vegetable consumption frequency was identified at either nation or state levels. Disasters 
may influence adults aged 65 years and older disproportionately. This study has design and 
measurement limitations. More research with improved data collection is needed to add to the 
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CHAPTER 1: GENERAL INTRODUCTION 
A disaster can be defined as “a serious disruption of the functioning of a community or a society 
involving widespread human, material, economic or environmental losses and impacts, which 
exceeds the ability of the affected community or society to cope using its own resources” (United 
Nation Office for Disaster Risk Reduction [UNISDR], 2017). Natural disasters generally refer to 
earthquakes, tsunamis, volcanic eruptions, landslides, hurricanes, floods, wildfires, heat waves 
and droughts (EM-DAT, 2019). Globally, the frequency and intensity of natural disasters have 
continuously increased owing to enhanced anthropogenic activities and global climate change 
over the past decades (Sauerborn & Ebi, 2012; van Aalst, 2006). According to data from the 
International Disaster Database (EM-DAT, 2019), the number of natural disasters in 2000s has 
tripled compared to 1980s, with approximate 4000 natural disasters were recorded. Meanwhile, a 
comparative analysis of disaster statistics pointed out that about 20 other disasters with 
destructive impact in Latin America were neglected for each disaster reported (World Health 
Organization [WHO], 2011]). The UNISDR (2018) evaluated that between 1998 and 2017, 
natural disasters had resulted in 1.3 million death and affected 4.4 billion people, resulting in 
over 2000 billion US dollar economic losses. 
 
One of the most critical problems after a natural disaster is the immediate shortage of food (Noji, 
2005; World Food Programme, 2015). As U.S. Department of Agriculture (USDA, 2018) stated 
that “There are many concerns following a storm, earthquake, civil disturbance, flood or other 
disaster, but none is more important than providing food in areas where people may find 
themselves suddenly, and often critically, in need,” everyone affected by a disaster can be at risk 
of starvation and malnutrition, particularly for vulnerable groups, such as young children, 
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pregnant women, and the elderly (World Food Programme, 2015). In the U.S., at least 13 
agencies and departments are responsible to provide a wide range of assistance to presidentially 
declared disaster under The Stafford Act (Congressional Research Service, 2018). Depending on 
the scale of the disaster and available funding, Federal Emergency Management Agency (FEMA) 
and the USDA Food and Nutrition Service (FNS) would provide a variety of food assistance to 
disaster victims, including congregate feeding, commodity food packages for households, and 
Disaster Supplemental Nutrition Assistance Program (D-SNAP) benefits (Abernathy, 2015; 
FEMA, 2018; USDA, 2017).  
 
Food quality is an important consideration in food relief. According to the 1990 National 
Nutrition Monitoring Related Research Act, emergency foods distributed during a disaster relief 
must comply with the federal Dietary Guidelines for Americans (GovTrack.us., 2019). In 2011, 
United States Agency for International Development (USAID) published a report entitled 
“Improving the Nutritional Quality of US Food Aid: Recommendations for Changes to Products 
and Programs”, aiming to further improve nutritional quality of food in assistance programs 
(Webb et al, 2011). However, sometimes the urgency to provide short-term food assistance could 
override dietary guidelines and nutritional considerations. Most food supplied to relief programs 
require little or no preparation, and the supply for fresh food was poor. For example, relief in 
Puerto Rico in the aftermath of Hurricane Maria were criticized for distribution of foods of poor 
nutritional quality, with 41% of emergency foods being snacks and sweets, whereas only 13% 




Extensive research has documented that a healthy diet contributes to weight management and 
reduces the risk of chronic diseases including heart diseases, hypertension, stroke, diabetes, 
metabolic syndrome and some types of cancers (Aune et al, 2017; Kimokoti & Millen, 2016). 
Let alone in emergency situations, the majority of the American adults and children already fail 
to meet dietary recommendations, with inadequate vegetables and fruits intake and 
overconsumption of discretionary calorie, added sugars, solid fats, and sodium (U.S. Department 
of Health and Human Services & U.S. Department of Agriculture, 2015; Krebs-Smith, Guenther, 
Subar, Kirkpatrick, & Dodd, 2010). In the event of a disaster, transportation systems, 
communications, and social and economic routines are disrupted, and it can dramatically affect 
food supply and distribution. Even though food stores exist, people living in affected area may 
have no access to them, which makes it more challenging for people to maintain a healthy diet. 
 
Disasters may have significant impacts on diet behaviors due to a lack of food resources. 
Considering the high rate of diet-related noncommunicable diseases (NCDs) in the U.S., sudden 
change in dietary patterns could aggravate health concerns and escalate medical care costs (HHS 
& USDA, 2015). Knowing how diet behaviors change after a disaster is helpful to evaluate the 
effectiveness of current disaster relief, to response appropriately and to provide effective 
contingency planning for future disasters. 
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CHAPTER 2: LITERATURE REVIEW 
There has been growing research on physical and mental health as well as social consequences of 
disasters. The common physical problems include traumatic injuries and poisoning, infectious 
and parasitic diseases, and associated chronic illnesses (Freedy & Simpson, 2007; Saulnier, 
Brolin Ribacke, & von Schreeb, 2017). Exposure to disasters is linked with a variety of mental 
health issues, such as major depressive disorder, post-traumatic stress disorder (PTSD), 
depression, anxiety and substance abuse (Gallagher et al, 2016; Goldmann & Galea, 2013). 
Natural disasters also disrupt social relations and impose economic stress to affected population. 
However, research on investigating how natural disasters impact diet behaviors was rather 
limited. 
 
A few studies have investigated the dietary intake and nutritional status among survivors of 
major earthquakes and landslide. After the Athens 1999 earthquake, researchers found that adult 
victims, particularly the elderly, consumed considerably less energy than that required for long-
term preservation of health (Magkos et al, 2004). Okuda et al (1996) reported that people had 
lower intake of green vegetables after the Great Hanshin-Awaji Earthquake and it was associated 
with increased cold symptoms, coughing, weight loss, gastrointestinal disorders, stress, and 
irritability. On 2011 March, a magnitude 9 earthquake following an enormous tsunami occurred 
in the eastern Pacific Ocean off the coast of northern Japan. Inoue et al (2014) surveyed 236 
disaster evacuees and found that the main sources of food aid were carbohydrate-based, such as 
bread and rice balls, while the supply of fresh fruits and vegetables were scarce, which led to 
increased gastrointestinal symptoms among one fourth of evacuees. Several large-scale cohort 
studies also found that survivors had lower consumption of fruits and vegetables and dairy 
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products, especially for people in worse living conditions (Amagai, Ichimaru, Tai, Ejiri, & Muto, 
2014; Nishi et al, 2013; Tsuboyama-Kasaoka, Hoshi, Onodera, Mizuno, & Sako, 2014; Zhang et 
al, 2017). A cross-sectional survey in Uganda found that resettled households in the aftermath of 
the major landslide had higher food insecurity and poor diet diversity (Rukundo, 2016). 
 
Epidemiologic research plays a key role in providing evidence to assess the needs of affected 
people, distribute available resources effectively, conduct evaluation of relief programs, prevent 
adverse health consequences, and inform policy makers (Malilay et al, 2014; Thorpe et al, 2015). 
However, epidemiologic research on the impact of disaster on nutrition status may encounter 
many methodological difficulties, such as barriers to approach survivors and affected 
communities, larger ethical challenges, limited time to collect data after unexpected disasters, 
and unreliability of delayed self-report information (Norris & Kaniasty, 1992; Packenham et al, 
2017), all of which could lead to the limited evidence on this field. 
 
The Unite States is particularly prone to disasters due to its land area and landscape variety. In 
spite of the large number of people affected by natural disasters every year, little work has 
investigated how natural disasters may impact their dietary behaviors during and after the strike. 
This study aims to explore the potential impact of disasters on individuals’ fruit and vegetable 
consumption, a major indicator of healthy diet. Research in this field can be helpful for disaster 
preparation, nutrition assistance, and disaster management policy. Study findings of this research 
are expected to shed light on the following questions: Whether and to what extent do natural 
disasters impact fruits and vegetables intake among affected people? Whether vulnerable groups 
6 
 
are more affected? What type of disaster is the most/least influential? Whether and to what 
extent does the impact of disasters vary across the geographic in the U.S.? 
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CHAPTER 3: METHODS 
Survey Participants 
 
Individual-level data came from the BRFSS 2011 surveys. This wave was chosen because it is 
the most recent data that all states asked the diet-related questions and county zip code was 
available to be merged with disaster records. Meanwhile, 2011 is the year that reported most 
disaster declaration among past decades. BRFSS is a state-based system of annually repeated 
cross-sectional telephone surveys that collect information on health risk behaviors, preventive 
health practices, and health care access primarily related to chronic disease and injury. The 
surveys are conducted by state health departments with technical and methodological assistance 
provided by the CDC. BRFSS is designed to allow the CDC, state health departments, and other 
health and education agencies to monitor risk behaviors related to chronic diseases, injuries and 
death, identify emerging health problems, establish and track health objectives, and develop and 
evaluate public health policies and programs. Detailed information about BRFSS including 
questionnaires, sampling design, and survey datasets can be found on the CDC’s website 
(http://www.cdc.gov/brfss/). 
 
A total of 506,467 adults aged 18 years and older participated in the BRFSS 2011 surveys. 
Among them, 53,562 (10.6%) had missing values in geographical identity (i.e., county FIPS 
code) and thus were excluded. Among remaining 452,905 adults, 33,035 (7.3%) had missing 
values in diet measures and 68,461 (15.1%) had missing values in one or more of the covariates 
used in the regression analyses. This resulted in an effective sample size of 351,229 to be 






The 7 dependent variables in the multilevel regressions were self-reported daily fruit, 100% pure 
fruit juice, beans, green vegetables, orange vegetables, other vegetables and overall vegetables 
consumption frequency. The 2011 BRFSS fruit and vegetable module was classified according 
to 2010 Dietary Guidelines for Americans fruit and vegetable subgroups recommended for 
chronic disease prevention (CDC, n.d.). Participants could choose to report their consumption 
frequency by day, week, or month. Weekly and monthly consumption frequencies were 
converted to daily consumption frequency through dividing the reported frequency by 7 and 30, 
respectively. It should be noted that in the BRFSS, vegetable, fruit and fruit juice consumption 
are measured by frequency rather than serving. This limits more refined dietary intake analyses 
based on the quantities consumed. 
 
The relevant 4 survey questions on vegetable consumption frequency are: (i) “During the past 
month, how many times per day, week, or month did you eat cooked or canned beans, such as 
refried, baked, black, garbanzo beans, beans in soup, soybeans, edamame, tofu or lentils? Do not 
include long green beans.”; (ii) “During the past month, how many times per day, week, or 
month did you eat dark green vegetables for example broccoli or dark leafy greens including 
romaine, chard, collard greens or spinach?”; (iii) “During the past month, how many times per 
day, week, or month did you eat orange-colored vegetables such as sweet potatoes, pumpkin, 
winter squash, or carrots?”; and (iv) “Not counting what you just told me about, during the past 
month, about how many times per day, week, or month did you eat other vegetables? Examples 
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of other vegetables include tomatoes, tomato juice or V-8 juice, corn, eggplant, peas, lettuce, 
cabbage, and white potatoes that are not fried such as baked or mashed potatoes.” The overall 
daily vegetables consumption is defined as the sum of consumption frequency from all 4 
categories, i.e., beans, dark green vegetables, orange-colored vegetables, and other vegetables. 
 
The relevant survey question on fruit consumption frequency is: “During the past month, not 
counting juice, how many times per day, week, or month did you eat fruit? Count fresh, frozen, 
or canned fruit.” 
 
The relevant survey question on 100% pure fruit juice consumption frequency is: “During the 
past month, how many times per day, week or month did you drink 100% pure fruit juices? Do 
not include fruit-flavored drinks with added sugar or fruit juice you made at home and added 




The key independent variables in the regression analyses were 9 categorical variables for specific 
disaster types, including coastal storm, earthquake, fire, flood, hurricane, severe storm, snow, 
tornado, and tsunami, with no disaster as the reference group. Data on monthly county-level 
disaster came from the U.S. Department of Homeland Security Federal Emergency Management 
Agency (FEMA) (https://www.fema.gov/). The FEMA disaster declarations summary documents 
all federally declared disasters at the county level since 1953. The start date and end date of 
disasters were reported. Considering that the BRFSS diet-related questions pertained to the 
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month before the interview, we merged the BRFSS cohorts with disaster declarations if there 
was an overlap (i.e., equal or more than one day) between disaster event duration and the month 
proceeding interview day, based on county FIPS code. The overlapped period was considered as 




The following individual characteristics were adjusted for in multilevel regressions: an indicator 
variable for male (female in the reference group), a continuous variable for age in years, 5 
indicator variables for races/ethnicities (i.e., non-Hispanic African American, non-Hispanic 
Asian or pacific islander, non-Hispanic other race or multi-race, and Hispanic, with non-
Hispanic white in the reference group), a continuous variable for body mass index (BMI, defined 
as weight in kilograms divided by height in meters squared), 4 indicator variables for education 
level (i.e., some high school, high school graduate, some college education, and college graduate, 
with primary school or lower in the reference group), an indicator variable for poor self-rated 
health (individuals with good self-rated health in the reference group), an indicator variable for 
smoking status (non-smokers in the reference group), an indicator variable for leisure-time 
physical activity (individuals with no leisure-time physical activity in the reference group), 2 
indicator variables for marital status (i.e., married and never married, with widowed or divorced 
or separated in the reference group), 6 indicator variables for employment status (i.e., 
unemployed for less than 1 year, unemployed for more than 1 year, homemaker, student, retired, 
unable to work, with employed in the reference group), and 4 indicator variables for annual 
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household income level (i.e., $15,000–$25,000, $25,000–$35,000, $35,000–$50,000, and more 




The stratified multistage probability cluster sampling design in the BRFSS was accounted for in 
estimating the means and standard deviations of dependent and independent variables. Multilevel 
mixed-effects generalized linear models were conducted to examine the impact of different types 
of disasters on self-reported daily vegetables, fruits, and 100% pure fruit juice consumption 
frequencies. Multilevel models have been increasingly recognized by public health researchers as 
a useful tool to study micro-level of individuals and macro-level of groups or contexts 
simultaneously (Diez-Roux, 2000). The model consists of two levels. The first level is a 
generalized linear model which incorporates individual characteristics. The second level adds a 
random intercept to counties, which accounts for the potential interdependence of individuals 
residing in the same county. Separate multilevel regressions were estimated for self-reported 
daily fruit, 100% pure fruit juice, beans, green vegetables, orange vegetables, other vegetables 
and overall vegetables consumption frequency. Separate models were also estimated for people 
living in the four disaster-prone states, i.e., Massachusetts, North Dakota, Texas, and Hawaii. 
Furthermore, we tested interaction variables between age groups (65 years and older vs. younger 
than 65 years), pregnancy status (yes vs. no) and an indicator variable of disaster to evaluate 




The 2011 BRFSS sampling design was accounted for in both descriptive statistics and regression 
analyses. Statistical significance is considered if p-value is less than 0.01. All statistical analyses 
were conducted using Stata 15 SE version (StataCorp, College Station, TX, USA).  
 
Sensitivity analyses 
The initial models considered people being affected by a disaster if there was an overlap (i.e., 
equal or more than one day) between disaster duration and the month proceeding the interview 
day. To test the robustness of the results, sensitivity analyses were performed by changing the 
inclusion criteria of disaster-affected people to 10 days impacted or more, 20 days impacted or 




This study used the BRFSS de-identified public data and was exempt from human subject review 
by the University of Illinois at Urbana-Champaign Institutional Review Board. 
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CHAPTER 4: RESULTS 
Table 1 reports the descriptive statistics of BRFSS 2011 sample and survey participants’ daily 
vegetable, fruit and 100% fruit juice consumption frequency. The daily fruit, 100% fruit juice, 
beans, green vegetables, orange vegetables, other vegetables and overall vegetables consumption 
frequency averaged 1.00, 0.44, 0.30, 0.54, 0.27, 0.78, and 1.89 times per day, respectively. 
About 8.7% of the study sample resided in disaster-affected counties. About half of the study 
sample were women (50.5%). Mean age was 46.8 years old. The majority of the study sample 
were non-Hispanic whites (67.6%), followed by Hispanics (14.59%), African Americans 
(10.9%), Asians (4.1%), and other race or multi-race groups (2.8%). Overall, 45.7% were former 
or current smokers, 36.2% were overweight, and 28.3% were obese. About a quarter (24.4%) 
reported no physical activity over the past month. On average, 17.3% rated their physical health 
as poor or fair. Most survey participants had a high school or higher degree (86.8%), and over 
half were employed (58.3%) and married or living with a partner (57.6%). Over two in five 
(44.3%) had an annual household income of $50,000 or higher. 
 
Table 2 reports the estimated effects of disasters on daily fruit and vegetable consumption 
frequency using multilevel regressions. Flood was found to be associated with a decrease in 
orange vegetables consumption by 0.02 times per day (p-value < 0.001). Hurricane was found to 
be associated with an increase in consumption of other vegetable (e.g., tomatoes, corn, eggplant, 
and peas) by 0.03 times per day (p-value < 0.001). No significant associations were found 
between other types of disasters and daily fruit and vegetable consumption frequency. Males 
were less likely to consume fruits and vegetables but more likely to consume 100% fruit juice 
than females. Older adults had higher daily consumption frequency of fruits, 100% fruit juice, 
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and vegetables. African Americans were less likely to consume vegetables than whites, whereas 
Hispanic and Asian were more likely to consume vegetables than whites. People with overweight 
or obesity were less likely to consume fruits and vegetables than those with normal weight. 
People with college educations and above were more likely to consume fruits, 100% fruit juice 
and vegetables but less likely to consume beans than those with high school or lower education. 
Compared to their married counterparts, those divorced/separated/widowed or never married 
were less likely to consume fruits and vegetables but more likely to consume 100% fruit juice. 
Unemployed people were less likely to consume fruits than employed people, whereas 
homemakers and students were more likely to consume fruits and vegetables than employed 
people. People with higher income were more likely consume fruits and vegetables but less 
likely to consume 100% fruit juice. Smoking, poor health status, and no leisure time physical 
activity were found to be associated with lower daily fruit and vegetable consumption frequency. 
 
In the sensitivity analyses, flood was consistently associated with lower daily orange vegetables 
consumption frequency (Tables 3, 4 and 5). Additionally, Flood was found to be associated with 
higher daily green vegetables consumption frequency. No significant associations were observed 
between disasters and daily fruit and overall vegetables consumption frequency. The interaction 
term between age groups and the disaster indicator was significant for 100% fruit juice (β = 
0.0441; SE = 0.0076; p-value < 0.001) and beans (β = -0.0121; SE = 0.0043; p-value < 0.01). 
Adults aged 65 years and older were more likely to reduce beans consumption frequency and 
increase 100% fruit juice consumption frequency compared to their younger counterparts when 




Table 6 reports the estimated effects of disasters on daily fruit and vegetable consumption 
frequency by typical disaster-prone states. In Massachusetts, hurricane was found to be 
associated with a decrease in 100% fruit juice consumption by 0.05 times per day (p-value = 
0.001) and an increase in other vegetables consumption by 0.04 times per day (p-value < 0.01). 
Severe storm was found to be associated with a decrease in fruit consumption by 0.10 times per 
day (p-value < 0.01). In Utah, flood was found to be associated with a decrease in other 
vegetables consumption by 0.04 times per day (p-value < 0.01). 
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CHAPTER 5: DISCUSSION 
Fruit and vegetable consumption is an important indicator of a healthy diet. This study, to our 
knowledge, is the first attempt to assess the impact of disasters on individuals’ fruit and 
vegetable consumption among U.S. adults. Individual-level data from BRFSS were merged with 
county-level disaster records based on disaster duration, interview date and residential county. 
Multilevel mixed-effects generalized linear models were conducted to examine the impact of 
different types of disasters on self-reported daily fruits, 100% fruit juice, and vegetables 
consumption frequencies, adjusting for individual covariates. This study failed to identify strong 
associations between disasters and fruit and vegetable consumption frequency at either national 
or state levels. 
 
Several factors might contribute to the results. First, all disaster records analyzed in this study 
were declared by the President and supported by a wide range of federal assistance programs for 
individuals and public infrastructure, including funds for both short-term and long-term relief 
(FEMA, 2018). A report indicated that the federal government spent 136 billion dollars on 
disaster relief between 2011 and 2013 (Center for American Progress, 2013). Such large-scale 
federal assistance could play a crucial role in limiting nutritional stress caused by natural 
disasters. Second, the FEMA made a total of 1,781 major disaster declarations and 719 
emergency declarations in 2011; however, only 23 natural disasters in U.S. were registered in the 
International Disaster Database of the same year (Guha-Sapir, Vos, Below, & Ponserre, 2012). 
The extent of food and nutrition problems largely varies based on the type, magnitude and 
duration of disasters. Such loose inclusion criteria could attenuate the negative impact of 
disasters in this study. In addition, the chaotic environment surrounding a disaster may limit 
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BRFSS, a telephone survey, to approach the disaster-affected people, which led to an 
underestimatio of the impacts. 
 
Although no significant associations were observed between flood and overall vegetables 
consumption frequency, flood was consistently found to alter the consumption frequency of 
vegetable subgroups among affected people. While not natural disasters of all kinds cause food 
shortages immediately, some may affect the availability of foods due to loss of transportation 
and infrastructure. Among all types of disasters, flood is considered a predominant cause of 
disruption to the transportation systems (Pregnolato, Ford, Wilkinson, & Dawson, 2017). A case 
study found that the flood-affected community experienced major disruptions in food supplies, 
despite the existence of local and state government disaster management (Smith & Lawrence, 
2014). Due to flooding and road closures, supermarkets and food retails ran low on stocks of 
basic foods, including fruit and vegetables. The shortages may cause price increase of some 
fruits and vegetables, which nudge people to consume alternative types of vegetables (Sydney 
Morning Herald, 2011). In addition, people may prefer vegetables that could stay fresh longer 
because of disrupted electrical grids and power-off refrigerators in emergency situations. 
 
Findings regarding the interaction between age groups and disaster indicator suggest that 
disasters might influence older individuals’ dietary behaviors disproportionately. Generally, 
older adults encounter larger barriers in obtaining, preparing, and consuming fruits and 
vegetables than do their younger counterparts (Nicklett & Kadell, 2013). Previous studies found 
that older adults was among the most vulnerable to disasters in sociological, psychological, and 
medical dimensions, due to declining health and economic disadvantages (Ngo, 2001). Despite 
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the high disaster vulnerability, older adults perceived much fewer social ties to obtain assistance 
with disaster preparation and access to resources during a disaster (Meyer, 2017). Therefore, 
special food needs of the older population should be taken into considerations when delivering 
disaster relief. 
 
Consistent with previous research, this study found that fruit and vegetable consumption 
frequency differed by sociodemographic factors (Nepal, Mgbere, Banerjee, & Arafat, 2011). The 
frequency of fruit and vegetable consumption is relatively lower among males, older adults, 
African Americans, people with overweight/obesity, singles, smokers, and people with no job, 
lower education, lower income, poor health, or less physical activity. Overall, the lower 
frequency of fruit and vegetable intake is considered as the consequence of limited availability, 
affordability and access (Jago, Baranowski, & Baranowski, 2007; Krølner et al, 2011). 
Identifying determinants that influence fruit and vegetable intake is helpful to better tailor dietary 
interventions. 
 
Despite the use of a large-scale sample, a few major study limitations should be noted. First, 
although the BRFSS intended to provide nationally representative estimates, barriers to approach 
disaster-affected people could result in selection bias. Second, major outcome variables were 
self-reported fruit and vegetable consumption frequency, which is subject to measurement error 
and recall bias, particularly for disaster victims. Third, fruit and vegetable consumption in 
BRFSS were measured by frequency rather than serving, which limits more refined dietary 
intake analyses based on the quantities consumed. Fourth, it is difficult to accurately define the 
affected population, considering long lasting effects after natural disasters strike. Fifth, the 
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CHAPTER 6: CONCLUSION 
From a public health perspective, understanding the impact of disasters on dietary behaviors, 
such as fruit and vegetable intake, is important for effective disaster policies and programs. This 
study explored the impact of disasters on individuals’ fruit and vegetable consumption among 
U.S. adults. Multilevel mixed-effects generalized linear models were conducted to examine the 
impact of different types of disasters on self-reported daily fruit, 100% fruit juice, beans, green 
vegetables, orange vegetables, other vegetables and overall vegetables consumption frequencies, 
using data from BRFSS and FEMA disaster records. The findings from this study showed no 
strong associations between disasters and fruit and vegetable consumption frequency at either 
national or state levels. This study has design and measurement limitations. More research with 





Table 1: Population Estimates of Daily Vegetables, Fruit and 100% Fruit Juice Intake Frequency, 
and Socio-demographic characteristics using BRFSS 2011 Wave 
Variable Mean (95%CI) 
Daily consumption frequency  
Fruit 1.00 (0.99, 1.01) 
100% fruit juice 0.44 (0.44, 0.45) 
Beans 0.30 (0.30, 0.30) 
Green vegetable 0.54 (0.54, 0.55) 
Orange vegetable 0.27 (0.27, 0.27) 
Other vegetable 0.78 (0.78, 0.79) 
All vegetable 1.89 (1.89, 1.90) 
Disaster (%)  
Yes 8.71 (8.54, 8.88) 
No 91.29 (91.12, 91.46) 
Gender (%)  
Male 50.51 (50.17, 50.85) 
Female 49.49 (49.15, 49.83) 
Age  
Age in years 46.77 (46.65, 46.89) 
Race/ethnicity (%)  
White, non-Hispanic 67.60 (67.26, 67.95) 
Black, non-Hispanic 10.90 (10.66, 11.13) 
Asian, non-Hispanic 4.11 (3.94, 4.29) 
Hispanic 14.59 (14.30, 14.88) 
Other 2.80 (2.69, 2.91) 
Body weight status  
Normal 33.88 (33.55, 34.21) 
Underweight 1.67 (1.58, 1.77) 
Overweight 36.15 (35.82, 36.48) 
Obese 28.29 (27.99, 28.60) 
Education level (%)  
Primary school 3.93 (3.76, 4.10) 
Some high school 9.12 (8.88, 9.36) 
High school graduate 28.26 (27.95, 28.57) 
Some college education 30.96 (30.64, 31.28) 
College graduate 27.73 (27.46, 28.00) 
General health status (%)  
Good 82.74 (82.49, 83.00) 
Not good 17.26 (17.00, 17.51) 
Smoking status (%)  
Non-smoker 54.27 (53.93, 54.61) 
Smoker 45.73 (45.39, 46.07) 
Any leisure time physical activity (%)  
No 24.42 (24.13, 24.71) 
Yes 75.58 (75.29, 75.87) 
Marital status (%)  
Married 57.64 (57.30, 57.98) 
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Table 1 (Cont.) 
Variable Mean (95%CI) 
Widowed or divorced or separated 19.59 (19.36, 19.83) 
Never married 22.77 (22.43, 23.10) 
Employment status (%)  
Employed 58.27 (57.93, 58.60) 
Unemployed less than 1 year 4.06 (3.90, 4.21) 
Unemployed more than 1 year 4.49 (4.34, 4.65) 
Homemaker 6.32 (6.17, 6.48) 
Student 5.05 (4.84, 5.25) 
Retired 15.62 (15.43, 15.81) 
Unable to work 6.19 (6.03, 6.35) 
Annual household income (%)  
Less than $15,000 12.56 (12.32, 12.81) 
$15,000 - $25,000 17.90 (17.63, 18.17) 
$25,000 - $35,000 11.32 (11.10, 11.53) 
$35,000 - $50,000 13.89 (13.66, 14.12) 
More than $50,000 44.33 (43.99, 44.66) 
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Table 2 Multilevel Regressions Estimates based on the Entire Study Sample 
Variable 
Coefficient (SE) 
Fruit 100% Juice Beans Green vegetables Orange vegetables Other vegetables All vegetables 
Disaster type        
None Reference Reference Reference Reference Reference Reference Reference 
Coastal storm -0.1002 (0.0965) -0.1162 (0.0672) 0.0183 (0.0377) -0.0208 (0.0557) -0.0380 (0.0372) -0.0509 (0.0669) -0.1235 (0.1329) 
Earthquake 0.0657 (0.0639) -0.0110 (0.0450) 0.0100 (0.0253) 0.0502 (0.0369) 0.0111 (0.0247) 0.1123 (0.0443) * 0.1676 (0.0870) 
Fire -0.0040 (0.0165) -0.0199 (0.0112) -0.0017 (0.0066) -0.0006 (0.0096) -0.0068 (0.0062) 0.0101 (0.0112) 0.0063 (0.0223) 
Flood 0.0158 (0.0097) -0.0103 (0.0066) -0.0099 (0.0038) * 0.0089 (0.0056) -0.0162 (0.0036) *** -0.0098 (0.0066) -0.0339 (0.0131) * 
Hurricane 0.0070 (0.0115) -0.0191 (0.0081) * -0.0057 (0.0046) -0.0107 (0.0067) -0.0093 (0.0044) * 0.0313 (0.008) *** 0.0042 (0.0157) 
Severe storm -0.0167 (0.0086) 0.0019 (0.0059) -0.0012 (0.0034) 0.0024 (0.0050) -0.0046 (0.0033) -0.0122 (0.0059) * -0.0153 (0.0117) 
Snow 0.0304 (0.0209) 0.0333 (0.0147) * 0.0182 (0.0083) * 0.0114 (0.0121) 0.0176 (0.0081) * 0.0184 (0.0146) 0.0604 (0.0287) * 
Tornado 0.0538 (0.0535) 0.0567 (0.0378) -0.0401 (0.0214) 0.0250 (0.0312) -0.0180 (0.0207) -0.0406 (0.0377) -0.0565 (0.0739) 
Tsunami -0.0639 (0.0481) 0.0798 (0.0339) * 0.0274 (0.019) 0.0021 (0.0278) -0.0036 (0.0186) -0.0303 (0.0335) -0.0011 (0.0654) 
Gender        
Male Reference Reference Reference Reference Reference Reference Reference 
Female 0.2912 (0.0033) *** -0.0766 (0.0023) *** -0.0023 (0.0013) 0.1216 (0.0019) *** 0.0567 (0.0013) *** 0.1412 (0.0023) *** 0.3181 (0.0045) *** 
Age        
Age in years 0.0039 (0.0001) *** 0.0021 (0.0001) *** -0.0002 (0.0001) ** 0.0008 (0.0001) *** 0.0021 (0.0001) *** 0.0008 (0.0001) *** 0.0037 (0.0002) *** 
Race/ethnicity        
White, non-Hispanic Reference Reference Reference Reference Reference Reference Reference 
Black, non-Hispanic -0.0023 (0.0062) 0.2054 (0.0043) *** -0.0224 (0.0025) *** 0.0383 (0.0036) *** -0.0140 (0.0024) *** -0.1847 (0.0043) *** -0.1790 (0.0085) *** 
Asian, non-Hispanic -0.0390 (0.0116) ** -0.0027 (0.0082) 0.0349 (0.0046) *** 0.0727 (0.0067) *** 0.0449 (0.0045) *** -0.0881 (0.0081) *** 0.0619 (0.0159) *** 
Hispanic 0.0613 (0.0068) *** 0.1110 (0.0046) *** 0.1809 (0.0027) *** 0.0184 (0.0039) *** 0.0424 (0.0025) *** -0.1338 (0.0046) *** 0.1130 (0.0091) *** 
Other 0.0398 (0.0087) *** 0.0964 (0.0061) *** 0.0224 (0.0035) *** 0.0427 (0.0051) *** 0.0283 (0.0034) *** -0.0007 (0.0061) 0.0944 (0.0120) *** 
Body weight status        
Normal Reference Reference Reference Reference Reference Reference Reference 
Underweight -0.0601 (0.0124) *** 0.0215 (0.0087) * -0.0025 (0.0049) -0.0142 (0.0072) * -0.0008 (0.0048) -0.0180 (0.0087) * -0.0331 (0.0170) 
Overweight -0.0350 (0.0037) *** -0.0359 (0.0026) *** -0.0150 (0.0015) *** -0.0220 (0.0021) *** -0.0194 (0.0014) *** -0.0046 (0.0026) -0.0611 (0.0051) *** 
Obese -0.0498 (0.0040) *** -0.0743 (0.0028) *** -0.0249 (0.0016) *** -0.0363 (0.0023) *** -0.0285 (0.0016) *** 0.0097 (0.0028) ** -0.0809 (0.0055) *** 
Education level        
Primary school Reference Reference Reference Reference Reference Reference Reference 
Some high school -0.0206 (0.0120) 0.0260 (0.0085) ** -0.0662 (0.0048) *** -0.0060 (0.0069) -0.0123 (0.0046) ** 0.0413 (0.0084) *** -0.0471 (0.0166) ** 




Table 2 (Cont.) 
Variable 
Coefficient (SE) 
Fruit 100% Juice Beans Green vegetables Orange vegetables Other vegetables All vegetables 
Some college education 0.0628 (0.0107) *** 0.0580 (0.0076) *** -0.0723 (0.0043) *** 0.0783 (0.0062) *** 0.0229 (0.0042) *** 0.1260 (0.0075) *** 0.1531 (0.0149) *** 
College graduate 0.1848 (0.0109) *** 0.0642 (0.0077) *** -0.0503 (0.0043) *** 0.1324 (0.0063) *** 0.0534 (0.0042) *** 0.1810 (0.0076) *** 0.3152 (0.0151) *** 
General health status        
Good Reference Reference Reference Reference Reference Reference Reference 
Not good -0.0342 (0.0045) *** -0.0109 (0.0032) ** -0.0012 (0.0018) -0.0317 (0.0026) *** -0.0111 (0.0017) *** -0.0171 (0.0031) *** -0.0608 (0.0062) *** 
Smoking status        
Non-smoker Reference Reference Reference Reference Reference Reference Reference 
Smoker -0.1119 (0.0032) *** -0.0372 (0.0022) *** -0.0007 (0.0013) 0.0143 (0.0018) *** -0.0225 (0.0012) *** 0.0171 (0.0022) *** 0.0083 (0.0044) 
Any leisure time physical 
activity        
No Reference Reference Reference Reference Reference Reference Reference 
Yes 0.2631 (0.0037) 0.0672 (0.0026) *** 0.0350 (0.0015) *** 0.1254 (0.0021) *** 0.0653 (0.0014) *** 0.1139 (0.0026) *** 0.3407 (0.0051) *** 
Marital status        
Married Reference Reference Reference Reference Reference Reference Reference 
Widowed/divorced/separated -0.0319 (0.0039) *** 0.0212 (0.0028) *** -0.0295 (0.0016) *** -0.0168 (0.0023) *** -0.0154 (0.0015) *** -0.0436 (0.0028) *** 
-0.1052 (0.0054) 
*** 
Never married -0.0386 (0.0051) *** 0.0437 (0.0036) *** -0.0373 (0.0020) *** -0.0170 (0.0030) *** -0.0096 (0.0020) *** -0.0365 (0.0036) *** 
-0.0992 (0.0070) 
*** 
Employment status        
Employed Reference Reference Reference Reference Reference Reference Reference 
Unemployed less than 1 year -0.0296 (0.0096) ** 0.0492 (0.0068) *** 0.0055 (0.0038) -0.0021 (0.0056) 0.0031 (0.0037) 0.012 (0.0067) 0.0191 (0.0132) 
Unemployed more than 1 year -0.0333 (0.0089) *** 0.0371 (0.0063) *** 0.0016 (0.0035) -0.0047 (0.0051) 0.0044 (0.0034) 0.0239 (0.0062) *** 0.0238 (0.0121) 
Homemaker 0.0556 (0.0068) *** 0.0708 (0.0048) *** 0.0122 (0.0027) *** 0.0051 (0.0039) 0.0211 (0.0026) *** 0.0206 (0.0047) *** 0.0604 (0.0093) *** 
Student 0.0612 (0.0114) *** 0.0501 (0.0080) *** -0.0090 (0.0045) 0.0223 (0.0066) ** 0.0090 (0.0044) * 0.0279 (0.0080) *** 0.0484 (0.0155) ** 
Retired -0.0026 (0.0048) 0.0492 (0.0034) *** -0.0107 (0.0019) *** -0.0220 (0.0028) *** -0.0011 (0.0019) -0.0105 (0.0034) ** 
-0.0435 (0.0066) 
*** 
Unable to work -0.0107 (0.0071) 0.0329 (0.0050) *** -0.0087 (0.0028) ** -0.0145 (0.0041) *** -0.0004 (0.0028) -0.0057 (0.0050) -0.0296 (0.0097) ** 
Annual household income        
Less than $15,000 Reference Reference Reference Reference Reference Reference Reference 
$15,000 - $25,000 0.0422 (0.0059) *** -0.0014 (0.0041) -0.0064 (0.0023) ** 0.0162 (0.0034) *** -0.0002 (0.0023) 0.0265 (0.0041) *** 0.0334 (0.0081) *** 
$25,000 - $35,000 0.0709 (0.0067) *** -0.0084 (0.0047) -0.0165 (0.0027) *** 0.0295 (0.0039) *** 0.0034 (0.0026) 0.0516 (0.0047) *** 0.0638 (0.0092) *** 
$35,000 - $50,000 0.0953 (0.0066) *** -0.0228 (0.0047) *** -0.0201 (0.0026) *** 0.0424 (0.0038) *** 0.0029 (0.0026) 0.0666 (0.0046) *** 0.0869 (0.0091) *** 
More than $50,000 0.1421 (0.0064) *** -0.0438 (0.0045) *** -0.0245 (0.0025) *** 0.0805 (0.0037) *** 0.0016 (0.0025) 0.0981 (0.0045) *** 0.1531 (0.0088) *** 
* P < 0.05; ** P < 0.01; *** P < 0.001. Statistical significance was considered if p value is less than 0.01.
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Table 3: Multilevel Regressions Estimates for People being Impacted for 10 Days or more by Disasters 
Disaster type  
Coefficient (SE) 
Fruit 100% Juice Beans Green vegetables Orange vegetables Other vegetables All vegetables 
None Reference Reference Reference Reference Reference Reference Reference 
Earthquake -0.1712 (0.1211) -0.1306 (0.0839) -0.0015 (0.0479) -0.0433 (0.0700) -0.0328 (0.0459) -0.0217 (0.0823) -0.1044 (0.1628) 
Fire -0.0128 (0.0237) -0.0210 (0.0161) 0.0155 (0.0094) 0.0020 (0.0137) -0.0151 (0.0089) 0.0050 (0.0161) 0.0142 (0.0319) 
Flood 0.0212 (0.0105) * -0.0077 (0.0073) -0.0103 (0.0042) * 0.0189 (0.0061) ** -0.0136 (0.0040) ** -0.0094 (0.0072) -0.0222 (0.0144) 
Hurricane 0.0034 (0.0218) -0.0033 (0.0154) -0.0174 (0.0087) * -0.0115 (0.0127) -0.0167 (0.0085) * 0.0353 (0.0153) * -0.0175 (0.0301) 
Severe storm -0.0004 (0.0129) -0.0053 (0.0089) 0.0031 (0.0051) 0.0037 (0.0075) -0.0119 (0.0049) * -0.0079 (0.0089) -0.0139 (0.0175) 
* P < 0.05; ** P < 0.01; *** P < 0.001. Statistical significance was considered if p value is less than 0.01. 
 
Table 4: Multilevel Regressions Estimates for People being Impacted for 20 Days or more by Disasters 
Disaster type  
Coefficient (SE) 
Fruit 100% Juice Beans Green vegetables Orange vegetables Other vegetables All vegetables 
None Reference Reference Reference Reference Reference Reference Reference 
Earthquake -0.1298 (0.1463) -0.1445 (0.1036) 0.0262 (0.0579) -0.0863 (0.0847) -0.0331 (0.0565) 0.0446 (0.1005) -0.0551 (0.1991) 
Fire -0.0334 (0.0267) -0.0117 (0.0181) 0.0263 (0.0106) * 0.0065 (0.0155) -0.0087 (0.0100) 0.0003 (0.0181) 0.0322 (0.0360) 
Flood 0.0196 (0.0120) -0.0025 (0.0082) -0.0047 (0.0048) 0.0211 (0.0069) * -0.0170 (0.0045) *** -0.0121 (0.0082) -0.0227 (0.0163) 
Severe storm -0.0020 (0.0166) -0.0004 (0.0115) -0.0099 (0.0066) -0.0018 (0.0096) -0.0127 (0.0063) * -0.0105 (0.0114) -0.0342 (0.0226) 
* P < 0.05; ** P < 0.01; *** P < 0.001. Statistical significance was considered if p value is less than 0.01. 
 
Table 5: Multilevel Regressions Estimates for People being Impacted for 30 Days by Disasters 
Disaster type  
Coefficient (SE) 
Fruit 100% Juice Beans Green vegetables Orange vegetables Other vegetables All vegetables 
None Reference Reference Reference Reference Reference Reference Reference 
Earthquake -0.1020 (0.1678) -0.0986 (0.1184) 0.0500 (0.0665) -0.1103 (0.0972) -0.0356 (0.0653) 0.0780 (0.1158) -0.0293 (0.2299) 
Fire -0.0448 (0.0291) -0.0143 (0.0199) 0.0205 (0.0116) 0.0012 (0.0169) -0.0086 (0.0110) 0.0071 (0.0199) 0.0252 (0.0394) 
Flood 0.0238 (0.0139) 0.0076 (0.0096) -0.0010 (0.0055) 0.0288 (0.0080) *** -0.0132 (0.0053) * -0.0112 (0.0095) -0.0066 (0.0189) 
Severe storm 0.0395 (0.0222) 0.0026 (0.0155) -0.0168 (0.0088) 0.0019 (0.0129) -0.0125 (0.0085) 0.0038 (0.0153) -0.0233 (0.0302) 





Table 6: Multilevel Regressions Estimates by Typical Disaster-prone States 
Disaster type 
Coefficient (SE) 
Fruit 100% Juice Beans Green vegetables Orange vegetables Other vegetables All vegetables 
 MASSACHUSETTS (n= 15,600) 
None Reference Reference Reference Reference Reference Reference Reference 
Hurricane -0.0182 (0.0254) -0.0507 (0.0183) ** -0.0111 (0.0092) -0.0197 (0.0144) -0.0088 (0.0092) 0.0438 (0.0167) ** 0.0021 (0.0329) 
Severe Storm -0.0992 (0.0303) ** 0.0055 (0.0216) 0.0088 (0.0110) -0.0336 (0.0171) -0.0040 (0.0110) -0.0382 (0.0200) -0.0536 (0.0395) 
Snow 0.0160 (0.0373) 0.0459 (0.0268) 0.0153 (0.0135) 0.0044 (0.0212) 0.0288 (0.0135) * 0.0260 (0.0247) 0.0698 (0.0489) 
Tornado 0.0276 (0.0564) 0.0583 (0.0404) -0.0397 (0.0207) 0.0095 (0.0323) -0.0256 (0.0205) -0.0413 (0.0379) -0.0719 (0.0750) 
 TEXAS (n= 10,395) 
None Reference Reference Reference Reference Reference Reference Reference 
Fire -0.0168 (0.0237) -0.0014 (0.0158) -0.0054 (0.0110) -0.0168 (0.0142) -0.0049 (0.0094) -0.0016 (0.0138) -0.0263 (0.0344) 
 UTAH (n= 9,275) 
None Reference Reference Reference Reference Reference Reference Reference 
Flood 0.0389 (0.0228) 0.0055 (0.0135) 0.0029 (0.0086) 0.0032 (0.0125) -0.0089 (0.0076) -0.0413 (0.0151) ** -0.0487 (0.0290) 
Severe Storm 0.0524 (0.1198) 0.0326 (0.0719) -0.0205 (0.0462) 0.0374 (0.0657) 0.0285 (0.0404) -0.0328 (0.0799) 0.0081 (0.1555) 
 HAWAII (n= 6,376) 
None Reference Reference Reference Reference Reference Reference Reference 
Tsunami -0.0975 (0.0506) 0.0631 (0.0363) 0.0238 (0.0215) -0.0194 (0.0338) -0.0093 (0.0239) -0.0446 (0.0363) -0.0521 (0.0791) 
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APPENDIX A: DISTRIBUTION OF DISASTER-AFFECTED SAMPLE BY INTERVIEW MONTH 
Disaster type Interview Month January February March April May June July August September October November December 
Coastal Storm 0 0 0 0 0 0 0 0 122 11 0 0 
Earthquake 0 0 0 0 0 0 0 32 193 36 5 0 
Fire 0 3 211 816 473 365 673 608 896 365 265 370 
Flood 458 92 544 1,725 2,412 3,105 2,649 2,137 658 945 387 0 
Hurricane 0 0 0 0 0 0 0 583 7,252 963 0 0 
Severe Storm 669 1,462 320 1,767 4,078 3,309 1,062 519 101 469 3,276 85 
Snow 1,341 924 227 0 0 0 0 0 0 0 0 0 
Tornado 0 0 0 0 0 382 28 0 0 0 0 0 
Tsunami 0 0 250 200 0 0 0 0 0 0 0 0 
SUM 2468 2481 1552 4508 6963 7161 4412 3879 9222 2789 3933 455 
 
